Drug abuse reemerged as a problem in China when an open-door policy was adopted in the late 1980s.^[@bib1]--[@bib5]^ The first human immunodeficiency virus (HIV) outbreak among people who inject drugs (PWID) in China was discovered in Yunnan in 1989.^[@bib6]^ Thereafter, HIV transmission spread rapidly among PWID residing along the major drug-trafficking routes to other provinces in Southern and Western China.^[@bib7]--[@bib12]^ Since China adopted elements of a free market economy in 1978, commercial sex activities have increased dramatically across the country.^[@bib13]^ The proportion of newly reported HIV/acquired immune deficiency syndrome (AIDS) infections through heterosexual sex increased from 39% in 2007 to 66% in 2014, whereas new HIV/AIDS infections attributed to injection drug use decreased from 29% in 2007 to 6% in 2014.^[@bib14],[@bib15]^ Generally, the HIV epidemic in China has been similar to other Asian countries, starting as a drug-driven epidemic and shifting to one driven predominantly by sexually transmission.^[@bib16]--[@bib22]^ Human immunodeficiency virus incidence attributed to male-male and male-female sex has increased rapidly in China.^[@bib14]--[@bib16]^

Guangxi is the homeland of the Zhuang nationality, has approximately 50 million people, and is a developing area in China. Guangxi is located in Southwest China bordering Vietnam and is in close proximity to the "Golden Triangle," an area between Myanmar, Laos, and Thailand known for the manufacturing of illicit drugs.^[@bib7]--[@bib10]^ Guangxi lies along the eastern drug-trafficking route linking Yunnan (adjacent to the Golden Triangle), Guangdong, and Hong Kong. Guangxi\'s initial HIV epidemic was fueled by PWID, who accounted for the majority of reported HIV/AIDS cases in the late 1990s (Supplementary Figure 1a, <http://links.lww.com/OLQ/A325>).^[@bib15]^ In the meantime, the HIV epidemic has shifted to predominantly heterosexual transmission, accounting for less than 10% of new cases in 2000 to over 90% of new cases in 2013 (Supplementary Figure 1a, <http://links.lww.com/OLQ/A325>).^[@bib15]^ The demographics of individuals most afflicted by the epidemic have also shifted. In the same time frame, the elder population (≥50 years of age) as a proportion of new HIV cases increased from less than 4% in 2000 to over 40% in 2013 (Supplementary Figure 1b, <http://links.lww.com/OLQ/A326>).^[@bib15]^ In 2013, 10,877 cases of HIV/AIDS were reported in Guangxi.^[@bib15]^

It is important to study the rapid evolution of the HIV epidemic in Guangxi to understand the specific characteristics and factors contributing to these dramatic changes. These research findings will help to explain the epidemic shift and guide targeted interventions for the most vulnerable populations. During the earlier phases of the epidemic, high-risk populations were largely restricted to paid blood donors and PWID. In the current sexually driven epidemic, risk groups are much broader. Population-based incidence rates of HIV infection are still difficult to obtain in both China and elsewhere in the world. In response to this gap in the literature, the aim of this study was to use a large-scale population-based prospective cohort study to evaluate HIV incidence and demographic correlates in 3 rural counties in the Guangxi Zhuang Autonomous Region, a provincial-level region located in southwest China that reports 12% of all new cases of HIV in China.^[@bib15]^

METHODS
=======

Study Design and Study Population
---------------------------------

Under the support of the National Mega Project on Infectious Disease Prevention and Control, we designed a population-based cohort study in 3 rural counties in Guangxi. The baseline survey was conducted from January 2013 to March 2014 and then the follow-up at 12 months among individuals who tested HIV-negative at baseline was conducted from October 2014 to June 2015. Participants were informed of this study by brochures and leaflets distributed in outreach activities. Local health staff were trained to distribute recruitment information to potential participants. Recruitment materials included basic knowledge of HIV, transmission and prevention, counseling and testing, care and national free treatment services. All participants, regardless of HIV diagnosis, were contacted directly by outreach workers and indirectly through word of mouth to invite them to join the study for testing HIV. There was no incentive for study participation. Eligibility criteria included residency in 1 of the 3 counties, 20 years or older, willing to participate, and provision of informed consent. All participants who met the study criteria then received HIV pretest counseling, had blood drawn to test for HIV antibody, and were given HIV testing results and post-testing counseling. Interviews and blood collection were conducted in private rooms at township hospitals and village clinics. All individuals who tested positive for HIV during the study were introduced to the National AIDS Control and Care policy by health staff and then referred to the National Free Antiretroviral Treatment Program. To maintain high follow-up retention rates, outreach workers made telephone calls and/or home visits if a participant missed initial follow-up testing. The study protocol and informed consent form were approved by the institutional review board of the Guangxi Center for Disease Control and Prevention.

Of 1,090,296 potential participants 20 years or older, 722,795 study participants completed the baseline survey. Two thousand sixty-three participants tested positive for HIV during the baseline survey. Of the 720,732 participants who tested HIV-negative at baseline, 493,990 completed the follow-up. Two hundred thirty-five seroconversions were observed during the follow-up. Reasons for participant nonenrollment and lost to follow-up were not documented.

Data Collection
---------------

Questionnaire-based interviews were conducted in a private room. Trained health staff conducted the interviews. Each study participant was assigned a unique and confidential identification number for the questionnaire and blood samples. Questionnaire data included age, ethnicity, education, marital status, and occupation. If participant HIV test results were positive, additional questions about transmission route were asked, such as heterosexual sex, male-to-male sex, and drug injection. Questions concerning HIV transmission modes were asked to guide the development of future interventions.

Laboratory Testing
------------------

Blood samples were tested for HIV infection. Human immunodeficiency virus antibody was screened in each blood sample by enzyme-linked immunosorbent assay (Diagnostic Kit for Antibody to Human Immunodeficiency Virus, Beijing WANTAI Biological Pharmacy Enterprise Co. Ltd, China; and Genscreen ULTRA HIV Ag-Ab, Bio-Rad Laboratories, USA), and was confirmed by HIV Western Blot confirmation (MP Diagnostics HIV BLOT2.2, MP Biomedicals Asia Pacific Pte. Ltd).

Statistical Analysis
--------------------

Questionnaire-based data and biological testing results were recorded, double-entered and compared with SPSS version 17.0 (SPSS, Inc., Chicago, IL). Human immunodeficiency virus prevalence at baseline was calculated as the number of HIV infections/number of participants enrolled. The incidence of HIV was estimated by using the number of seroconversions detected within the follow-up period as the numerator and the cohort\'s total number of person-years (PY) exposure to the risk of transmission as the dominator. To identify factors associated with HIV infection and incidence, logistic regression and Cox regression models were used, respectively. Adjusted regression models included the following control variable covariates: age, sex, ethnicity, education, marital status, occupation, and county. Statistical significance was defined as a *P* less than 0.05 (2-tailed).

Ethics Statement
----------------

The study was approved by the institutional review board of the Guangxi Center for Disease Control and Prevention.

RESULTS
=======

General Characteristics of Study Population
-------------------------------------------

Of 1,090,296 potential participants 20 years or older, 66.3% (722,795 of 1,090,296) participated in the population-based cohort study. Of 722,795 study participants who completed the baseline survey, participants older than 50 years represented 36.0%. The percentage of males was 48.9%. Participants (62.1% and 36.3%) were ethnically Han and Zhuang, respectively. The percentage of participants with no schooling, primary schooling and secondary schooling or above was 5.7%, 33.5% and 60.8%, respectively. Participants, 86.4%, 9.9% and 3.7%, were currently married, single, and divorced/widowed, respectively. The occupation for most participants (89.2%) was agricultural farming.

HIV Infection Rates at Baseline
-------------------------------

The HIV infection prevalence was 0.29% (95% confidence interval \[CI\], 0.27--0.30) (2063 of 722,795) among all study participants (group aged ≥20 years) at baseline. Table [1](#T1){ref-type="table"} presents the factors (age, sex, ethnicity, education, marital status, occupation, and county) associated with HIV infection at baseline. Factors significantly associated with HIV infection in the final multivariable logistic model was aged 50 to 59 years (adjusted odds ratio \[AOR\], 1.32; 95% CI, 1.15--1.52), aged 60 to 69 years (AOR, 1.44; 95% CI, 1.24--1.68), male (AOR, 2.68; 95% CI, 2.43--2.96), primary school education attainment (AOR, 1.43; 95% CI, 1.29--1.58), never married (AOR, 3.59; 95% CI, 3.09--4.18), divorced/widowed (AOR, 6.23; 95% CI, 5.46--7.11), county B (AOR, 0.2; 95% CI, 0.18--0.23), and county C (AOR, 0.21; 95% CI, 0.19--0.24). Supplemental Table 1, <http://links.lww.com/OLQ/A327> presents HIV prevalence by sex and age groups.
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HIV Incidence
-------------

Of the 720,732 study participants who tested HIV-negative at baseline, 493,990 (69%) completed the follow-up. The median duration of follow-up was 1.7 years (Q1--Q3, 1.4--1.8 years) among those who returned for follow-up. Baseline demographics between individuals followed up and lost to follow-up were generally comparable, though individuals lost to follow-up were slightly younger, had higher educational attainment, and were less likely to be from county "A" (Table [2](#T2){ref-type="table"}).
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Table [3](#T3){ref-type="table"} presents the factors associated with HIV incidence in the follow-up study. Overall HIV incidence was 2.73 (95% CI, 2.38--3.08) per 10,000 PY (235 of 860,627 PY). The bivariate analysis using the Cox regression model indicated that HIV incidence was associated with age, sex, education, and marital status. After adjustments in the final Cox regression model, age 40 to 49 years (Adjusted hazard ratio, 1.74; 95% CI, 1.04--2.92), age 50 to 59 years (AHR, 1.96; 95% CI, 1.15--3.33), age 60 to 69 years (AHR, 3.47; 95% CI, 2.07--5.82), male (AHR, 4.41; 95% CI, 3.22--6.05), no schooling (AHR, 2.36; 95% CI, 1.34--4.13), primary school (AHR, 2.35; 95% CI, 1.69--3.28), single (AHR, 5.98; 95% CI, 3.81--9.40), and divorced/widowed (AHR, 5.19; 95% CI, 3.56--7.57) were significantly associated with HIV incidence. Human immunodeficiency virus incidence was 7.47 (95% CI, 5.97--8.98), 8.51 (95% CI, 7.04--9.98), and 35.61 (95% CI, 22.65--48.58) per 10,000 PY among males aged 50 to 69 years, males with less than secondary schooling, and males divorced or widowed, respectively. Human immunodeficiency virus incidence was 71.28 (95% CI, 35.21--107.35) per 10,000 years among males aged 50 to 69 years who had less than secondary schooling and were divorced or widowed. Supplemental Table 2, <http://links.lww.com/OLQ/A328> presents HIV incidence by sex and age group.
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Of 235 individuals who had HIV seroconversions during the follow-up period, heterosexual sex was the identified mode of transmission for 99.0% of cases, followed by male-to-male sex (1.0%). Among males who seroconverted, 79% had sex with female sex workers and 18% had sex with casual sexual partners, but not sex workers. Among females who seroconverted, 62% and 37% were infected through their spouse or steady sexual partners, and casual sexual partners, respectively.

DISCUSSION
==========

Our study indicated that the HIV prevalence was 0.29% and HIV incidence was 2.73 per 10,000 PY among adults of the general population in a population-based, large-scale prospective cohort study. The major mode of HIV transmission was heterosexual sex. Findings from this population-based study suggest that HIV is spreading rapidly among older heterosexual adults in rural southwest China. From an international perspective, the HIV incidence rate among individuals aged 50 to 69 years in this study was 10 times greater than that of their counterparts in the United States.^[@bib17]^ One alarming finding in our study was that the HIV incidence rates among males aged 50 to 69 years, males with less than secondary schooling, and males divorced or widowed was comparable with that of serious HIV epidemics in Africa, such as in Rwanda, which has a national HIV incidence rate of 27 per 10,000 PY.^[@bib18]^ In fact, HIV incidence among males aged 50 to 69 years with less than secondary schooling and who were divorced or widowed was much higher than that of Rwanda\'s national HIV incidence.^[@bib18]^ Since heterosexual sex is the main mode of transmission bridging the HIV epidemic from high-risk populations to the general population, the HIV epidemic in China appears to have entered a new phase. Male-to-male sexual transmission has been rapidly increasing in cities and developed areas in China over the past decade, but results from this large-scale observational cohort study indicate that the virus is already spreading beyond traditional high-risk populations, to groups like older heterosexual males in developing parts of southwest China.

Prior to 2007, HIV/AIDS transmission in Southwest China was primarily attributed to unsafe injection practices. Due to greater injection drug use activities, county A had significantly higher HIV prevalence than the other counties. However, after the implementation of comprehensive harm reduction programs, the majority of reported HIV infections in Southwest China since 2007 have been attributed to sexual transmission.^[@bib14]^ Our study results show that HIV incidence was comparable among the 3 counties, thus supporting the observation that the HIV epidemic which began as a drug-driven epidemic has shifted to one driven predominantly by sexual contact. These new changes pose greater challenges than ever before in China\'s AIDS control efforts.

Our cohort study also found that HIV infection was much higher among older heterosexual males, especially among those with low education and who were not currently married. These results underscore the fact that many older people over 50 years of age are still sexually active. Older adults, especially older men without a spouse or steady sex partner may seek sex with female commercial sex workers or casual partners.^[@bib19]--[@bib21]^ The reason for older men engaging in unprotected sex may be related to poor education about safer sex practices and underestimating their risk of contracting HIV.^[@bib22],[@bib23]^ Another reason may be that older men might be more likely to use male erectile dysfunction medications that improve sexual function. By prolonging intercourse, erectile dysfunction medications may allow more bodily fluids to transfer, and thus increase the possibility of HIV sexual transmission.^[@bib19],[@bib20],[@bib24]^ These drugs labeled as aphrodisiacs may be produced illegally by underground workshops and sold without regulation.^[@bib19],[@bib20]^ Older males with lower levels of education and inconsistent condom use with females reported that aphrodisiacs helped sexual performance. Our previous study found scientific evidence that aphrodisiac usage was associated with higher HIV prevalence among older males, especially older male clients of low-priced female sex workers.^[@bib19],[@bib20]^ Unfortunately, health promotion staff are often face difficulties implementing HIV interventions with female sex workers because most low-priced female sex workers have no fixed locations for sex work.^[@bib19]--[@bib21]^ Meanwhile, our study found that most females were infected through their spouse or steady sexual partners. National and regional observational cohort studies in China have shown reductions in the risk of HIV transmission in serodiscordant couples if the index patient received antiretroviral therapy,^[@bib25],[@bib26]^ and such programs have been implemented for the prevention of HIV transmission within serodiscordant couples in China. Current HIV education and prevention efforts in China are primarily focused on traditional high-risk populations such as PWID, men who have sex with MSM, and female sex workers, all of whom are predominantly young persons. Thus, these findings point to a serious need for new prevention efforts focused on older individuals of the general population.

Our study has several limitations. First, the duration of the follow-up was limited and longer-term trends of HIV incidence require further study. Second, we did not collect information about risk behaviors which may have confounded measures of association in the study. For example, it is unknown if follow-up rates differed by HIV risk. Third, asking questions regarding risk only of those who tested positive for HIV limited our ability to fully describe the baseline sample. Fourth, this cohort study was conducted in 3 rural counties in Guangxi, Southwest China, which only represents 12% of all new cases of HIV in China. In addition, our study methods might have influenced the generalizability of the results. For example, self-selection, a 69% follow-up rate, and differential follow-up rates between the 3 counties may have biased the study sample. Because participants self-selected into the study, we could not rule out the possibility of disproportionately excluding individuals who might have feared disclosure of socially undesirable behaviors such as injection drug use or MSM behaviors. This was corroborated by the fact that no HIV seroconversions were found to be attributable to injection drug use. Lastly, HIV incidence may have been overestimated due to the disproportionate loss to follow-up among the younger participants. Findings may not be representative of rural Southwest China.

To our knowledge, this is the first large-scale population-based prospective follow-up cohort study in China to evaluate HIV incidence among the general population. Study results provide compelling evidence that current HIV prevention intervention strategies designed primarily for key populations may be insufficient for addressing HIV transmission among the older, general population. It is incumbent for health authorities in China to develop and implement innovative interventions suitable for the broader population of older heterosexuals.

Older heterosexual males were at disproportionate risk of HIV infection in southwestern China, especially older heterosexual males who were single, divorced or widowed. Targeted interventions are urgently needed for this population. Health authorities in China need to develop and implement innovative interventions suitable for addressing HIV transmission among the older, general population.
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